Abstract. The influences of 1.00 % wt/wt NaCl, Morton Lite Salt (50 % wt/wt NaCl and 50 % KCI) and Mineral Salt (65 % NaCl, 25 % KCI and 10 % MgS0 4 • 7H 2 0) on the rheological properties of an emulsion containing 1.0 % sodium alginate, 1.0 % acetylated distarch adipate, 68 % water and 30 % oil were compared at a pH value 4.5 by means of a coaxial cylinder viscometer. An empirical model composed of two exponential terms was used to describe the rheological behavior under a constant shear rate. The addition of any of the three salts increased the essential mechanical parameter values remarkably. The influences of Morton Lite Salt and Mineral Salt were quite similar and different from that of NaCl. When xanthan gum replaced sodium alginate in the emulsion, small decreases were observed in some of the parameter values owing to salt addition. No differences existed between the influences of salts in that case.
Introduction
Few systematical studies exist concerning the influences of inorganic salts on macromolecular compounds in an emulsion system. In general, stability, as well as rheological alterations, arise either because of the association of counterions with the polymer molecules or, partially, through influences on the structure and properties of the solvent , Vakaleris and Sabharwal 1972 , MiTAet al. 1974 , Lata et al. 1977 , Stone and Campbell 1980 , Vernon Carter and Sherman 1980 , 1981 a, 1981 b, Rivas and Sherman 1983 , 1984 . Modification of stability or the rheological properties of some protein-stabilized emulsions is possible, by the substitution of other cations for sodium (Lahtinen and Paalanen 1982, Lahtinen 1987) . In this paper, the results arising from partial NaCl substitution in model emulsions containing starch and either sodium alginate or xanthan gum are presented.
Materials and methods
The roughened MV I P coaxial cylinder assembly of Haake Rotovisco RV3 viscometer was used in the measurements. The emulsion samples were prepared similarly and the startshear experiment procedure was similar to that described earlier (Lahtinen 1987) . The shear rate 7 was constant 4.68 s -1 , roughly corresponding to the stimuli associated with the sensory evaluation of textural properties of liquid foods (Cutler et al. 1983, Kiosseoglou and 
The salt substitute mixtures were similar to Morton Lite Salt (50 % wt/wt NaCl and 50°/o KCI) and Mineral Salt (65 % NaCl, 25°7o KCI and 10°/o MgS0 4 • 7H 2 0). The basic emulsion contained 1.0 % wt/wt sodium alginate (Manucol DH, Kelco International Ltd), 1.0°/o acetylated distarch adipate (Instant Clearjel, Laing National Ltd), 68 % ionexchanged water and 30 % soybean oil. The pH value of the basic emulsion was 4.5 and the salt concentration of the samples was 1.00°7o wt/wt. The experiments were also accomplished with another emulsion that contained 0.5°7o xanthan gum (Keltrol, Kelco Division of Merck, Inc.) and 0.5 % more water instead of the 1.0°7o concentration of alginate. The same pH value and salt concentration as above were used in this latter type of emulsion.
In order to compare the influence of salts in an emulsion with that in water, apparent viscosities of either 1.4 % wt/wt sodium alginate or 1.4 % both alginate and starch were measured in ion-exchanged water once at shear rate values 37.44 s _l and 26.44 s~', respectively. Measurements were taken from similar samples after the addition of 1.4 % wt/wt NaCl or Morton Lite Salt, too. The salt or polysaccharide concentration of 1.4 % approximately corresponded to those in the continuous phase of the emulsions. The MV I assembly that has smooth surfaces was used in these measurements. The samples were allowed to stand overnight before measurements were taken.
The ingredients sodium alginate and xanthan gum were used in the maximum concentrations allowed by the Finnish legislation. These ingredients were chosen because of their wide use in emulsions and because their polyionic nature makes them suspectible to the influences of salts. Acetylated distarch adipate was included for practical reasons for thickening and because it was observed to maintain its normal viscosity over the range of salt concentrations that was used. This ability was confirmed in preliminary experiments on its water dispersions by using starch in concentrations between 1.0 ®7o and 3.0°7o, and a NaCl concentration of 1.4°/o. The pH value of these dispersion was 4.5, as it was in all experiments in this study.
Results and discussion
All the emulsion samples exhibited a behavior characteristic to viscoelastic mate- values were clearly higher in the latter ones (Table 1 ). In addition, the influence of NaCl was distinctly different from that of the salt substitutes in this emulsion. In fact, only one exponential term would had been needed for the rheological characterization of the behavior obtained with NaCl instead of the two used (Table 1) . Two exponential terms did not produce a lower standard error value than one term did. The first difference is important because it means that a structurizing mechanism associated with the behavior of starch and/or alginate molecules expressly at the oil-in-water interface governed the formation of the rheological properties. This becomes evident when we see that both the sodium alginate as such and in combination with the starch exhibited a slight decrease in apparent viscosity after the addition of 1.4 % of NaCl (Table 2) .
Such a decrease is a common property of many polysaccharides in water solution because of a reduction in the extent of hydration of their molecules (Pomeranz 1985) . It has also been reported to occur in an emulsion stabilized by mesquite gum (Vernon Carter and Sherman 1980) . It is thus noteworthy that in the other emulsion that was otherwise similar but contained 0.5 % xanthan gum instead of alginate, small decreases were observed in some of the parameter values owing to salt addition (Table 3) .
However, no significant differences existed between the influences of salts in that case. This influence originates from the lower total amount of ions in the salt substitutes compared with that in equal masses of NaCl.
However, the increase in apparent viscosity of the alginate-starch dispersion was negligible after the addition of 1.4 % Morton Lite Salt instead of NaCl (Table 2) . It remains to be seen whether such difference has an importance in this type of emulsions. The above results do not support it.
